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Title: MODIFIED GPlOO AND USES THEREOF 

Hiis application claims the benefit of United States application serial no, 
60/160,879, filed on October 22, 1999 and United States application serial no. 
5 50/223,325 filed on August 7, 2000, boih of which are incorporated by retereiice 
herein. 

FIBLD OF THE INVENTION 

The present invention is m the field of immunotherapy and relates to the 
construct of novel forms of gpiOO suitable for the generaiion of immune 

10 responses in vivo. 

BACKGROUND OF THE INVEN TION 

The incidence and mortal) t}' ui cutaneous nialignant inelariorna have 
risen dramatically over the past several decades (Liu, T. et a!. (1996) Stirg CUn 
North Am 76:1205; Gloster, H.M, ct al {1996) Dermatol Surg 22:217). At present, 

15 the estimated lifetime risk for an American of developing melanoma is 
approximafeiy 1 in 90 (Rigel, D.S. et ai. (1979) Mmjo Clhs Proc 72:367), While most 
early stage melanomas can be treated successfuliy by a simple surgical excision 
(Greenstein D.S. et ai, (1995) Dcmatol Surg 2.1.;927; Whooley, B.P. et ai. (1995) 
Dermatol Surg 4:187; Urist, M.M. et al. (1996) Ann Rev Med 47:211), patients with 

20 advanced disease are rarely cured even with aggressive chemotherapy and /or 
immunotherapy (Falkson, C.l. et al. (1995) Anticancer Drugs 6:709). 

Although melanoma can present as an aggressive primary lesion that 
metastasizes within weeks, its devekipment tV'pically takes piace over a period of 
several months to years and progresses throtigh a series of distinct pathological 

25 stages. The earliest stage is the radial growth phase (RGP) melanoma that starts 
as an intradermal neoplasm (melanoma in situ). RGF melanomas may remain 
relatively quiescent for months or even years arid are gerierally cured by simple 
excision. Oventually, most RGP melanomas develop a component of vertical 
growth {vertical growth phase melanoma, VGP}, which denotes a more 

30 aggressive tunjor less likely to be cured by simple excision. Metastatic spread is 
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the final stage m tumor progression and is indicative of a very poor outcome 
(Reintgen, D. (1.997) Ann Surg 225:1). 

The most .important prognostic factor in determining survival in a 
patient with primary melanoma \s the depth of the lesion. While the five-year 
5 survival for patients with tumours of <0.75 mm in thickness is approximately 
9()%, individuals with tumours >4,5 mm in depth have a five year .sur\'ival of 
only approximately 38% (VVhooley, B.P. et ai. (1995) Dermatol Surg 4:187; Urist, 
M.M. et al. {1996) Ami Rp.z> Med 47:211). Since the development of a VGP 
melanoma from its RGP precursor generally takes at least several months, a 

10 "window of hme" exists within which surgical excision can have a dramatic effect 
on patient outcome. By extension, it is reasonable to propose that novel 
attempts to deal with residual disease would be most successful at this time. 

Several lines of evidence suggest that manipulation of immune 
responses against melanoma may be therapeutic: 1. Cliriical observations of 

15 spontaneous regression of metastatic melanoma may be caused by an anti- 
melanoma immune response {Nelson, C,A. et al (1976) Natl Cancer Imi Monogr 
44:145). 2. Regres.sion of metastatic melanoma has also been observed 'm some 
patients given high doses of IL-2 with or without lymphokine activated kilter 
(lAK) cells or tumor infiltrating lymphocytes (TIL's) (Rosenberg, S.A. et al, 

20 {1998} / Natl Cancer Inst 90:1894) 3. More recently, a number of melanoma 
specific and associateil tumor antigens have been cloned (Van den Eynde, E. et al. 
(1997) Curr Opin Imnumoi 9:684). The availability of these reagents has given 
hope that specific vaccines may be developed to enhance the sbiWty of tumor 
specific T ceils to eliminate melanoma ceils. These antigens cajt be administered 

25 in a variety of delivery vehicles, and the most effective dosing regimen for 
optimization of an anti-tumor response is not presently clear. 

Conventional vaccines for many infectious diseases have shown that a 
primaiy infectious challenge can induce an effective p.rotective memory immune 
response. A critical ever^t required to initiate an immune response, evei\ in the 

30 presence of circulating tumor reactive T cells, is that tumor antigens gain entry 
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into the secondar}'- lymphoid structures of the spleen and lymph nodes 
(Zmkeinagel R.M.et al (1997) Immunol Reo 156:199). Melanoma that develops 
iocaUy in the skin is hidden from the immune system as long as the tumor 
antigens do not reach the secondary lymphoid organs. The tumor may then 
5 grow to such a large mass that, by the time an immune response is triggered, it 
is rapidly overwhelmed by the tumor (Moskophiis, D, et al. (1993) Nature 
362:758). Alternatively; melanoma cells tliat break off and traffic to the local 
lymph node may not be able to trigger an immune response because they are 
poor antigen presenting cells, i.e., they do not express high levels of HlA-class 1 

10 molecules (Ferrone, S. (1995) Immunology Today 61:487) or co~stinuilatory 
molecules, such as members of the B7 family (Bluestoxie, ].A. et al. (199.5) 
hnmunity 2:555), Again, the tumor may reach a tolerizing size before an immune 
response is initiated, A successful vaccination strategy in patients with deep, but 
not metastatic, melanoma should both increase the number of tumor reactive T 

15 cells and activate tliem so that they can traffic to the peripherj-' and exert their 
cytotoxic effector function. 

gplOO is normally foux^d in melano.somes and expre.ssed in melanocytes, 
retinal cells, and other neural crest derivatives (Kavvakami, Y, et al. (1997) Jnt Rev 
Immunol 14:173). Tlie function of gplOO is currently unknown (.Rosenberg, S.A. et 

20 al. (1998) Nature Me-d 4:321). By mass spectrometry, three immunodominant 
HLA--A2 binding gplOO peptides have been identified; g9-154 (amino acids 154- 
162), g9"209 (amino acids 209-217); and ^)-2SQ (amino adds 280-288) (Kavvakami, 
Y. et al. (1995) / Immunol 154:3961). Notably, two of these peptides have been 
syntheticall}'- altered so as to induce a more vigorous immune response in the 

25 original T cell clone: the threonine at position 2 iri g9-209 was cha,nged to a 
methionine, and the alanine residue at position 9 in g9~280 was changed to a 
valine (Parkhurst, M.R. et al. (1996) / Immunol 157:2539). These changes increase 
the binding affinity of the peptides to the l-fL.A-A2 molecule without changing 
the epitopes recognized by the T cell receptor (ICR). Rosenberg et al have 

30 already successfully im.munized melanoma patients with one of these modiBed 
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peptides and achieved objective clinical responses m some patients (Rosenberg, 
S.A. et al. (1998) Nature hied 4:321). 
SUMMARY OF THE INVENTIO N 

The present inventors have developed a molecule useful in inoduiatin^T 
5 the immnne system. In particular, they have found that a nucleotide sequence 
for a fiili gplOO which has been modified is useful in modulating the immune 
system. The isolated nucleic acid sequence is referred herein as gpWOM and the 
corresponding protein is referred to herein as gp.l00rvl. Preferably the molecule 
{i.e, protein or nucleic acid) or immunogenic fragments of the protein may be 
10 used to prime and boost the immune system of an animal. 

Accordingly, the present invention provides an isolated nucleic add 
molecule comprising a sequence encoding a modified gplOO protein, preferably 
the gplOOM protein. Preferably, a modified gplOO protein according (o ihe 
present invention is one wherein the modification results in at least one amino 
15 acid modification of the said gplOO, although any other modification capable of 
■nodifyiiig gplOO so as to enable it to modify the immime system is within the 
scope of the present invention. 

The nucleic acid sequence of gplOOM. is shown in Figure 1 and is also 
known herein as SEQ.lD.NO.l. Tlie corresponding amino acid sequence encoded 
20 by the nucleic acid sequence ai gplOOM is shown in Figure 2 which is referred to 
herein as SEQ.!D.N0.2. 

Accordingly, in one embodiment of the invention, an isolated nucleic 
acid molecule is provided having a sequence as shown in Figure 1 (SEQ.lD.NO.l). 
Preferably, the purified and isolated nucleic acid molecule comprises: 
25 (a) a nucleic acid sequence as shown in SEQ.ID-NO.l wherein T can also 

be U; 

(b) nucleic acid sequences complementary to (a); 

(c) nucleic acid sequences which are homologoiis to (a) or (b); 
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(d) a fragment of (a) to (c) that is at least 15 bases, preferably 20 to 30 
bases, and which will hybridize to (a) to (d) under stringent hybridization 
conditions; or 

(e) a nucleic acici molecule differing from any of the nucleic acids of (a) to 
5 (c) in codon sequences due to the degeneracy of the genetic code. 

The invention further includes an isolated gpiOOM protein and/or 
inmiunogenic fragments thereof encoded by a nucleic acid molecule of the 
invention. In a preferred embodiment the gplOOM has ttie amino acid as shown, 
in Figure 2 (SEQ.rD.NO.2). 
10 Preferred embodiments of these fragments inchide a fragment having 

an. amino acid sequence according to SEQJD,NO,124 or according to 
SEQJD.NO,125. 

The invention fur ther provides a metiiod of modulating an animal's 
immune system comprising administering, to an animal in need thereof, an 

15 effective amount of a gplOO or gpWO which has been modified to provide a 
moie^^ule which modulates the im,m,une system. Preferably the modified gplOO 
orgplOO is gpKX'M or ^^lOOM , respectively, most preferably the modified gplOO 
or gplOO have the sequences of SEQ. ID. MO 1 and 2 respectively. 

The invention further provides a method of modulating an animal's 

20 in^miine system comprising administering to an animal in need thereof, an 
effective amount of a vector into whicli has been inserted a gplOO which has been 
mcxiified to provide a molecule which modulates the immune system, preferably 
the vector is viral, preferably i:he virus is an adenovirus, alphavirus or poxvirus. 
More preferably where the virus is poxvirus it is vaccinia, fowlpc>x, avipox, 

25 TROVAC, ALVAC NYVAC or MVA, preferably ALVAC. . 

AccordiiTg to another embodiment of the present invention the 
modified gplOO or gplQQ is administered wi[h. a second agent, preferably a 
lymphokine,, cytokine, or co-stimulatory molecule such as a member of the B7 
family of molecules, preferably the cytokine is GM-CSF, IL-2, IL-12, TNF or 

30 IFNyI. 
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In one embodiment, the present invention provides a method of 
stimulating an animal's immune system comprising administering to an animal 
in need thereof, an effective amount of a gplOO oi g^)K)0 vvliich has been 
modified to provide a molecule v^rhich sttmuiates the immune system, preferably 
S gplOOM or gplOOM,, respectively, most preferably the modified gplOO or gj^KK) 
have the sequences of SEQ. ID, NO i and 2 respectively 

The present in^'ention also provides a method of eiilianclng the efficacy 
of a gene vaccine in the treatment of su animal comprising administering an 
effective amount of a gpWO which has been modified to provide a molecule 
10 which stimulates the immune system, preferably gplOOM . According to a 
preferred embodiment, the animal has cancer. 

According to a further embodiment of the present invention, there is 
provided a composition for modulating an animal's immune system rompri.siag 
ail effective amount of a gpiOO or gi>'WO which has been modified to provide a 
15 molecule which stimulates the immune system, preferably gpTOOM or gplOOM 
respectively, in a pharmaceuhcally acceptable diluent or carrier, most preferably 
the modified gplOO or gp'lOO have the sequences of SEQ. ID. NO 1 and 2 
respectively. 

According to another aspect of the present invention, provided are 
20 methods for prophylactic or dierapeutic uses im'oiving a nucleic acid sequence 
encoding a modified gplOO, preferably gplOOM, more preferably a gplOOM 
having and amino acid sequence according to SEQ ID NO. 2, 

According to a further aspect of the present inveiTtion, there is provided 
a melanoma vaccine comprising a nucleic acid sequence encoding a modified 
25 gplOO for preventing or treating cancer preferably gplOOM, more preferably a 
gplOOM having and amino acid sequence according to SEQ ID NO. 2.. 

According to a further aspect of the present invention, there is provided 
a melanoma vaccine comprising a nucleic acid sequence encoding a modified 
gplOO for preventing or treating melanoma preferably gplOOM, more preferably 
30 a gpilOOM having and amino acid sequence according to SEQ ID NO. 2.. 
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According to yet another aspect of the present invention^ there is 
provided a niodified gplOO protein sequence which is modified to increase Its 
immimogenicity or to enhance its induction of an anti-inelanoina immune 
response by enhancing the binding to MHC molecules, for use in a prophylactic 
S or therapeutic methods described herein. 

According to another aspect of the present nivention, there is provided a 
I'accine comprising a modified gplOO nucleic acid sequence or ils correspoi^ding 
protein capable of eliciting the production of anhbodies in a mammal to 
corresponding antigens preferably ^lOOM or gplOOM, respectively, more 
10 preferably a gplOOM ha\ing and nucleic acid sequence according to SEQ ID NO, 
1 and a gplOOM having and amino ac-d sequence according to SEQ ID NO. 2.. 

According to another aspect, the present invention relates to an 
antigeiuc, im.munojogicai or vaccine composition or a therapeutic rornposirion 
for inducing an antrigenic or immunoiogical response in a host animal irvocukted 
15 with the composition, said vaccine including a modified recombinant virus 
ha\'ing inactivated nonessential virus-e^nctKled genetic functions so that the 
recombinant virus has attenuated virulence and enhanced safety. 

In yet another aspect, the present in\'ention relates to an immunogenic 
composition containing a modified recombinant virus having inactivated 
20 nonessential virus-encoded genetic functions so that the recombinant virus has 
attenuated virulence and enhanced safetv. 

In a still further aspect, the present invention relates to a modified 
recombinant virus having nonessential virus-encoded genetic functions 
inactivated therein so that the virus has attenuated \'irulence, and wherein the 
25 modified recombinant virus further contains DNA from a heterologous source in 
a nonessential region of the virus genome, 

Acording to another embodiment of the invention tliere is provided a 
recombinant virus comprising a virus into which is inserted a nucleic acid 
according to to the invention wherein the nucleic acid encodes for a polypeptide, 
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the recombinant vims causing the expression of the polypeptide m an infected 
cell 

In another embodiment, there is provided a recombinant virus into 
which is inserted a nucleic acid according to the present invention wherein the 
5 nucleic acid encodes for a modified gplOO poi>^eptide, wherein ceils infected 
with the said recombinant virus are capable of eliciting an imntime response 
directly against a member selected from tihe group cxjnsisting of: 

(1) the polypeptide; 

(2) a fragment of the polypeptide; 

10 (3) a cell expressing the polypeptide or a fragment thereof; or 

(4) cells binding tiie protein or fragment thereof, preferably the virus 
is adenovirus, alphavirus, or poxvirus, preferably where tte virus is poxvirus it is 
vacdnia, fowlpox, avipox, TROVAC, ALVAC, NWAC or MVA, preferably the 
virus is ALVAC. 

15 In an embodiment sudi recombinant virus' are part of a composition 

comprising the partjciilar recombinant virus and a phiimiaceutically acceptable 
diluent or carrier. 

Tiie invention in yel a further aspect relates to the product of expression 
of a recombinant virus including a nucleic acid encoding a modified gplOO, 

20 preferably the virus is an adeiiovirus,, aiphavirus or poxvirus, more preferably 
where the virtJis is poxvirus it is vaccinia, fowlpox, a-vipox, TROVAC, ALVAC, 
NYVAC or MVA, preferably ALVAC, and uses therefor, such as to form 
antigenic, immunological or vaccine compositions for treatment, prevention, 
diagnosis or testii\g; and, to DNA from the recombmant poxvirus which is useful 

25 in constructing DNA probes and PCR primers. 

Other features and advantages of the present invention will 
become apparent from the following detailed description. It should be 
imderstood, however, that the detailed description and the specific examples 
while indicating preferred embodiments of the invention are given by way of 

30 illustration only. Various changes and modifications witliiii die spirit and scope 
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of the invention will become apparent to those skilled in the art from this 

detailed description, 

DESCIUFOON OF THE DRAWINGS 

The mvenhon vvdi be better undersiood xvilh rffwt-nce to the drAwmg m 

5 which; 

Figxire 1 shows the nucleic acid sequence oigplOOM cDNA, 

Figure 2 shows iha deduced aininu acid sequence for the gplOOM 

protein. 

higure 3 shfnvs the nucleic acid spquenre of C5H6gplOOM, the H6 
10 promoted hunivm ^^LOOM insertion cassette. 

Figure 4 shows a schematic representation of the ALVACi2)- 
gp100M{vCPl5S4) genome. 

l^igure 5 shows thf nucleotide sequence ot the <)Mgt.>nurlemide primei-s 
used to M^quence pBS/l?84. 
15 Figure o shows immurioprecipitate results from uninfected HeLa cells or 

cells infected with either AI.VAC parental virus, ALVAC-j^pHK), or ALV.AC (2)- 
gplOOM. 

Figure 7 showt> a Western blot of I Ma ceils infected with one ot 
ALVAC paicntal virus, ALVAC-gplOil or ALVAC ;2)-gplO(iM, illu:>trating 
20 expression of full length gplOO m ALVAC-gplOO, or ALVAC (2)~gplOOM infected 
cells. 

Figure S is a bar graph showing the results of an IFN-y-EUSPOr dnalvM^ 
of animal receiving intranodal injection of the tumor antigen 

Figure 9 IS a bar graph showing the results of an JJ'N-y-HliSR)T analyse 
25 of annnal receiving intranodal injection ot the tumor antigen. 

Figure 10 is a bar graph showing the results of an lI^-y-ELISPOT 
analysis of animal recuiv'ing subcutaneous injection of the tumor antigen. 

Figure 11 is a bar graph showing the results of an IFN-v-ELlSPOT 
analysis of animal recei\'ing subcutaneous injection of the tumor antigen. 
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Figure 12 is a graph showing the antibody response after a regiment of 
intranoda! f group 2) and subcutaneous (group 3) administration of ALVAC- 
modified gpl 00 /modified gplOO peptide immunogens. 
DETAIL E P DESCRIPTION OF THE INVENTION 
5 As already mentioned, the present inventors ha^'e developed a iitolet^ule 

usefui in modulating the immune system of an animal. In particular, they have 
found that a nucleotide sequence for a fuU gplOO, which has been modified. Is 
useful in moduiatiiig the immune system. The term "ariimal" as used herein 
includes all members of the animal kingdom includiiig mammals, preferably 
10 humans, 

1. NUCLEIC ACID MOLECULES OF THE INVENTION 

As mentioned above, the inventors have isolated and characterized the 
g€>ne igplOOM) and its gsne product (gplOOM). 

Broadly stated, the present invention provides an isolated nucleic add 

15 mokn^ule comprising a sequence encoding a protein with the activity of a gplOO 
vs^hich has been modified to provide a molecule which stimulates the immune 
system. As used herein a gpl 00 which has been modified to provide a molecule 
which stimulates the immune system includes those gpl 00 sequences with 
modified sequences at about amino acids 209 and /or at about 280 {as set out in 

20 Parkhurst, M.R., et al. J. Immunol 157:2539-2548 (1996)) and /or immunogenic 
fragments thereof. 

Accordingly, the present invention includes any isolated nucleic acid 
molecule encoding a modified gplOO capable of modulating the immune system. 
The term "isolated" refers to a nucleic acid substantiaUy free of cellular material or 

25 culture medium when produced by recombinant DNA l-echniques, or chemical 
precursojE^, or other chemicals when chemically synthesized. The term "nucleic 
acid" is intended to include DNA and RNA and can be either double stranded or 
single stranded. In an embodiment of the invention, an isolated nucleic acid 
molecule is provided having a sequence as shown in Figure 1. 
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Preferably, the purified and isolated nucleic acid molecule aimprises; 

(a) a nucleic acid sequence as shown in Fig, 1, wherein T can also be U; 

(b) nucleic acid sequences complementary to (a); 

(c) nucleic acid sequences which are homologous to (a) or (b); 

5 (d) a fragment of (a) to (c) that is at least 15 bases, preferably 20 to 30 

bases, and which will hybridize to (a) to (c) under stringent hybridization 
conditions; or 

(e) a nucleic acid molecule differing from any of the nucleic acids of (a) to 
(c) in codon sequences due to the degeneracy of the genetic code. 

10 it will be appreciated tliat the invention includes nucleic acid molecules 

encoding truncations of the proteins of the invention, and analogs and homologs 
of the proteins of the invention and truncations thereof, as described below. It 
will further be appreciated that variant forms of the nucleic acid molecules of the 
Invention which arise by alternative splicing of an mRNA corresponding to a 

15 cDNA of the invention are encompassed by the invention. 

Further, it will be appreciated that the invention includes nucleic acid 
molecules comprising nucleic add .sequences having substantial sequeiice 
homology %vitli the nucleic acid sequence as shown in Figure 1 and fragments 
thereof. The term "sequences having substantial sequence hom.ology" means 

20 those nucleic acid sequences which have slight or inconsequential sequence 
variations from these sequences, i.e., the sequences ftUK^tion in substantially the 
same manner to produce functionally equivalent proteins. Tlie variations may be 
attributable to local mutations or structural modifications. 

Generally, nucleic acid sequences having substantial homology iiiclude 

25 nucleic acid sequences having at least 70%, preferably 80-90% identity with the 
nucleic acid sequence as shown in Figure 1. 

Another aspect of the invention provides a nucleic acid molecule, and 
fragments thereof having at least 15 bases, which hybridize to the nucleic acid 
molecules of the invention under hybridization conditions, preferably stringent 

30 hybridization conditions. Appropriate stringency conditions which promote 
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DKA hybridization are known to those ^^hiUvd m the art (for example, Current 
Protocols m MoiecuLir Bio!og>^, John Wiley & Sons, N.\ (1<^8<^), 6.3J-h.3.n). 
Hybridization procedures are aIb.o well known to those skilled m the art (tor 
exampie, described jn Ausubei et d , Current Proiocols in Molecular Buviogy^ 
5 John Wiley & Sons Iiic. (1994), Siihavy ct a}., Expcnments with One Fusion, Cold 
Spring Harbor Laboratory Press (IWl); Davis ci al. Methods m En5:,ymoI. 6541)4 
(1980)). Important parameters that can be conMdered for optimizing 
hybiidization conditio^1^ are reflected m a formula that allows calculation of a 
cnlical value, the melting temperature above which two romplemeniary T)U\ 

10 strands separate from each other (Davii ct at. Methods m iinzymoL 65:4040 

This formula i<! at. follows. Tm - yi.5 0,41 x {% G+C) 4- 16.6 lot; (actual ion 
ccmcentration) - 0,63 x {% furmamide) - 600''babe number Under appropriate 
stringency conditions, hybridization temperature (Tlr^ is approximately ?0 to 
40X, 20 to 25^C, or, preferably 30 to 4U"C below the calculated Im. Vho^e 

15 skilled in the art will understand that optimal temperature and ^^alt conditions can 
be readily determined empirically in prebmmary experiments using conventional 
procedures. 

!-''or example, stringent conditions can be achieved, both for pro- 
hybridizing and hybridizing incubations, (i) within 4 to ib hours at 42 C, in 6 x 

20 SSC containing 50'Vo, formamide or (ii^ within 4-16 hours at bd^^C in an aqueous 6 
X SSC solution (1 M NaCi, 0.1 VI sodium citrate (pH 7.0)). iNqiicaOy, 
hybridization experiments are pei formed at d temperature from 60 to 68*C, e.g. 
55'-"C. At such a temperature, stringent hvbridizatmn conditioas can be achieved 
m 6\SSC, preferably in 2\SSC or IxSSC, more preferable in 0,5\SSc, 0,3xSSC t>r 

25 O.lxSSC fm the absence of formamide). IxSSC ccmtains 0.15 M NaCl and 0.015 M 
sodium citrate. 

For polynucleotides containing 30 to 600 nucleotides, the above formula 
is used and then is corrected by subtracting (600 /polynucleotide size in base 
pairs.). Stringency conditions are defined by a Th that is 5 to 10X below Tm 
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Hybridization conditions witi\ oligonudeotides shorter Aan 20 to 30 
bases do not exactly follow th«? rules bet forth above. In such cases, the formula 
for cahnilatmg ihe Tm n, as follows Tm = 4 v (G+C) + 2 (A+T). For example, an 
18 nucla>tide tragment of 50"'o G-+-C would have an approximate 'I'm of 54''C 
5 Nucleic at.id molecules from a modified gplOO gene such a$ the gfJlOOM 

gene can be isolated by preparing a iabeled nacleic add probe bas-ed on all or 
pait of thir' nucleic actd :>equence as shown in Figuru 1, cind usmg thit> labeled 
nticleic acid probe ki screen an appropiiate DMA library {eg a cONA or 
genomic DNA library). Nucleic acids isolated by screening of a cDNA or 

10 genomic DNA library can bo sequenced by standard techniques. 

Nucleic acid molecules of the invention can also be isolated by selectively 
amplifying a nucleic acid using the polymerase cliain reaclion (PCR) method and 
cDNA genomic DNA t^r other source of DNA It is ptissible to desij^n synthetic 
oligonucleotide primers from the nucleic acid molecule as shown m Figure i for 

15 use in PCR These synthetic oligonucleotide primers may also be further 
modified to incorporate specific charges from the normal nucleic acid sequence 
so as to be utilized tor site directed mutagenesis. A nucleic eicid can be amplified 
from cDNA ur genomic DMA using these oligonucleotide primers and standard 
PCR amplification techniques The nucicic acid so amphlied can be cloned into an 

20 appropriate vector aiid i.haracteri/ed by DNA sequence analysis. It wiii be 
appreciated that cDNA may ht prepaied from niRNA, by isolating total ceUuiar 
mRNA bv a varietv'- of techniques, for e\ample, h) using the guanidmium- 
thiocyanate extraction procedure of Chirgwin et al, S Biochemistrv, 1*^, 3294- '=^2v'^ 
(1979)). cDNA iS dien synthesized from the mENA using reverse transcriptase 

25 (foi example, Kfolonev MIV reverse trariscriptase available frtnn Gibco/BRL, 
Bethesda, MD, or AMV reverse transcriptase available from SeiVagaku America, 
Inc., St. Petersburg, FL). 

An isolated nucleic acid molecule of the mvention whiLh is RNA can be 
isolated by cloning a cDKA encoding a novel proteii^ of {he invention into an 

30 appropriate vector which allows for ti-anscription of the cDNA to produce an 
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RNA molecule which encodes the gplOOM protein. For exampie, a cDNA can be 
cioned duwiistredin of a bacreriophage promoter, (e.Q., a T7 promoter) in a 
vector, cDXA can be transcribed tn vifni witl\ T7 polymerdSf, and the re.sult<3nt 
RNA can be isolated b}^ standard ted'aiiqnes, 
5 A nucleic acid molecuie of the invention may also be chemically 

bynthtjsized using standard techniques. X'arious methods of chemically 
s)mthpt>t7mg polydeoxynucleotide^ cire ktiovvii, including wibd~phat,e synthesis 
^vhich, like peptide synthesis, has been fully automated in commerciaHv available 
DNA s\'ntIiesizors (See e g., U S. Patent No. 4,598,049; U.S. Patent No 4,458<U66. 

10 and U.S. Patent Nos. 4,401,79h and 4,373,071). 

Tht tnttiation codon and unlran^lated bequencet> of the nucleic acid 
mok;cuie.s of the invention may be determined usmg curreiitiv availabie 
computer sottware designed for the purpose, such ab PC /Gene {InteUiGenetics 
Inc.; Calif.). Regulatory elements can be identified using comentional 

15 teclmiques. The function of tlie elements can be confirmed by using these 
elements to exprei>s a rfporter gene which is operdti\ely linked to tJie elements. 
These constructs maj. bo intn>dured mto ensured cells usmg standard 
procedures. In addition to identifying regulatory elements m DNA, such 
constructs may also be iised to identify protems mtcractiiig with the elements, 

20 iLsmg techniques knc>wn m the art. 

The invention ako provides nucleic acids encoding fub.ion pitituiui. 
ctsmprismg a novel protcm of the invention and a selected protein, or a setoctable 
marker protein (see below), 

IL METHODS OF EXPRESSING NUCLEIC ACID SEQUENCES OF THE 
25 INWNTION 

A polynuclet>tide molecule cf the mventior, containing KNA, DNA, or 
modifications or combinations thereof, can have various applications for 
example, a polynucieide molecule can be used {i) in a process for producing the 
enroded polypeptide in a recombmant lio.st .-sv^tem, (ii; :n the construction of 
30 vaccine vectors (such as poxviruses) used for modulating immune systems; (iii) 
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as vaccine vectors wMch are further used in methods and compositions for 
preventing and /or treating melanoma, (iv) as a vaccine agent (as well as an RNA 
molecule), in a naked form or formulated with a delivery vehicle and, (v) as 
detection reagents /hybridization probes in moiecolar and /or therapeutic assays. 
5 According to f urther aspects of the invention, there are provided (i) an 

expression cassette containing a DNA molecule of the invention piaced under the 
control of the elements rec[uired for expression, in particular under the control of 
an appropriate promoter; (is) an expression vector containing an expression 
cassette of the invention; (iii) a procaryotic or eucaryotic cell transformed or 

10 transfected with an expression cassette and/ or vector of the invention, as well as 
(iv) a process for producing a polypeptide or polypeptide derivative encoded by 
a polynucleotide of the invention, which involves culturing a procaryotic or 
eucaryotic cell transformed or transfected with an expression cassette and/or 
vector of the invention, under conditions that allow expression of the DNA 

15 molecule of the invention and, recovering the encoded polypeptide or 
polypeptide derivatix^e from the cell culture. 

A recombinant expression system can be selected from procaryotic and 
eucaryotic hosts. Eucaryotic hosts include yeast ceils {e.g., Saccharomifces cereinsiae 
or Pkhia pastom), mamm.a!ian ce.lls (e.g.. COSl, N1H3T3, or JEG3 cells), 

20 arthropods cells (e.g., Spodopkra frugiperda (SF9) cells), and plant cells. Preferably, 
a procaryotic host such as E. coli is used. Bacterial and eucaryotic cells are 
available from a number of different sources to those skilled in the art, e.g., the 
American Type Culture Collection (ATCC; 10801 University Blvd., Manassas, VA 
20110-2205, USA), 

25 The clioice of the expression system depends on the features desired for 

the expressed polypeptide. For example, it may be usef-ul to produce a 
polypeptide of the invention in a particular hpidated form or any other form. 

The choice of the expression cassette sviU depend on the host system 
selected as well as the features desired for the expressed polypeptide. TypicaiiVy 

30 an expression cassette includes a promoter tliat is functional in tJie selected host 
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system and can be constitutive or inducible; a ribosome binding site; a start 
codon (AJ'G) ii nece^t-arj; a region encoding a signal peptide (e.'^., a lipidation 
signal peptide); a DMA moierule of the mvLnhon; a jitop codon, and optioiidllv a 
3' terminal region (.translation and /or transcription terminator) Tne signal 
5 peptide-encoding region is adjacent to the polyniscieondt- of the invention and 
pl£K-ed in proper reading frame. The signal peptidc-encodmg region can bo 
homologous ur heterologous to the DNA molecule encoding llie mature 
polypeptide and can be specific to the secretion apparatus of the host u^ed for 
expression. The open rcadmg frame constituted b}' llie UNA molecule ot the 

10 invention, solely or together witi\ the signal peptide, is placed under the control 
of the promoter so that transcription and translation occur in the host system. 
Promoters, (and signal peptide encoding regiox\s) are widely kncnvn and 
available to those skilled in the art and include, lor example, the promoter of 
Sainnmellii typhimnrnnn (and derivatives ) that is inducible by arabmose {promoter 

15 araB) and is functional in Gram-negatii.-e bactersa such as £ colt (as described in 
U*^. Palent No 5,028,530 and in Cagnon d al.. Protein Eng. 4.843 (1991)), the 
promoter of the gene ot bacteriophage T7 em odmg RNA polymerase that is 
functional in a number of E. coli strains cxpre.ssing 17 polymerase (described m 
U S. Parent No. 4.952,4%), OspA hpidation signal peptide, and the l^pB hpidation 

20 signal peptide {Cagnon et d , Protein Eng. 4-843 (1991 )). 

The expression cassette is t)'pically part of an expression vector, which is 
selected for its abihty to replicate in the chosen expression system pApression 
vectors {e.^., plasmids or viral vectors) can be chosen fiom those doscnbed m 
Pouwels et al (Clomng Vectors: A Laboratory Manual 1985, Supp. 1987). They 

25 can he purchased from vaiK>(.ts commercial sources. 

Methods tor traiisforming,^transfecting host cells with expression 
vectors wili depend on the host system selected as described m Ausubcl et al.. 
Current Protocols in Molecular Biology, John Wiley & Sons Inc. (1994), 

Uptm expression, a recombinant poh-pepdde of the invention (or a 

30 polypeptide derivative) is produced and remains in the intracellular 
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compartment secreted /excreted m the extraceOular medimn or in the 
peripiasmic space, or is embedded in the cellular membrane. The polypepride 
can then be recovered ixi a substdntidlly purified form from the cell extract or 
from the supernatant after centriiugation of the recombmant cell culture. 
5 Typically, the recombinant polypeptide can be purified by antibody-based 
affiruty purification or by any odier method that cat\ be readily adapted by a 
persoEi skilled iii the art, such as by genetic fusion to a small affinity binding 
domain. Antibody-based affinity purification methods are aiso available for 
purifying a polypeptide of the invention. Antibodies useful for purifying by 
10 immunoaffifiity the polypeptides of the ii\\'ention can be obtained as described 
below. 

According to further aspects of the invention,, there are provided (i) an 
expression cassette containing a DNA molectile irf the invention placed under the 
control of the elements required for expression, in particular under the control of 

15 an appropriate promoter; (ii) an expression vector containing an expression 
cassette of the trivention: (iii) a procaryotic or eucaryotic cel.l transformed or 
transfected wilh an expression cassette and /or vector of the invention, as well as 
(iv) a process for producing a polypeptide or polypeptide derivative encoded by 
a polynucleotide of the invention which involves cul taring a procar)'-otic or 

20 eucaryotic cell transformed or transfected with an expression cassette and /or 
vector of the invention under conditions that allow expression of the DNA 
molecule of the invention, and recovering the encoded polypeptide or 
polypeptide derivative from the cell cuiture, 
IIl. NOV EL PROTEI NS OF THE INVENTION 

25 The invention further includes an isolated protein encoded by nucleic 

acid molecules of the invention. Within the context of the present invention, a 
protein of the invention may include \'arious structural forms of the primary 
proteii-i which retain biological activity. As used herein "modified gplOO" or 
"modified gplOO protein", "gplOOM" or ''gplOOM proteiri", means a gplOO which 

30 has been modified to provide a molecule which niodulates the immime system. 
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By "polj'peptide" or "protein" is meant any cham of amino acids, regardless of 
length or pobt-translational nnodiucation {c,;^., glycosylation or phosphorylation). 
Both terms are used interchangKably in tlit* preb-ent application. 

The terms "mod^fied gplOO", "modified gplOf) protein', ''gplOOM" or 
S "i4plO0M protein" used herem is mtcnded to include analogs of a modified 
gplOO or gplOOM, conlainmg one or more amino add subshttilions, insertions, 
tuid/tjr dek'tion.s Aminf> acid substitutions may be of a coiiseived or xvm- 
consen'od nature. Conserved amino acid sub<^tUution.s iiwolve replacmg one or 
more amino acids with amino acids ut similar charge, .^ire, and /or 
10 hydrophobicity characteristics. When only conserved substitutions arc made the 
resulting analog should be functionary equivalent to a modified gplOOM. Non- 
conserv'ed substitutions im'oive ropiacing one or more ammo acids witli one or 
more ammo acids which possess dissimilar charge, size, and/or hydrophobicity 
characteristics. 

15 One or more amino acid msertions may be introduced into the ammo 

acid secjuonce of modified ji^pKK), preferably g|tiOOM, Ammo aad insertions may 
cfmi^ist of single ammo acid residues or sequentiai amirut acids 

Deletions may con.sist of the removal of one or more amino acids, or 
discrete portions (i.e. ammo acids^ from the gplOOM amino acid sequence. The 

20 deleted amino acidb may or may not be cuntiguous. 

Also inchided in the e\pre^s-on "gplODM", "modified gplOO", "modified 
gplUO protein" or "gplOOM protein" as usixi hi'rem are homologs of gplOOM. 
Such homologs are pro terns whose ammo acid sequences are comprised ot the 
amino acid sequences of gplOOM regions from other sources whose coding 

25 nucleic acid stquences hybridize under stringent hybridization conditions {.whicli 
conditions are known to those skilled in the art) with a nucleic dad probe ustxl 
to obtain gpiOUM. It 3 anticipated that a protem comprising an amino add 
sequence wluch is at least JZ^'o, preferably 75 to 90% similar, with the ammo acid 
sequence af gplOOM will exhibit gplOOM activity. 



wo il/30847 



PCT/€AW0/t>1254 



- 19 - 

As used herein the expressions "modified gplOO", "modified gplOO 
protein", "gplOOKl", or "gplOOM protein" also contemplate i^oformb of the 
modified gplOO, or gplOOM protein An i^iform contain;, the same uvunber and 
kmds of amino aads as the modifif'd gplOU or gplOJM, but the i;,oform has a 
5 different molecular structun;. The isoforms contemplated by the present 
mvention are those having Iho same properties as the protein of the invention a& 
described herem AI.mj included m the expression arc other pioteins wliich share 
simiiarities to a moditied gplOO or gplOOM 

Broadly :>tated, the present invention provider an isolated protein with 

10 activity equivalent to that of a modified gplOO, preferably a gpiOOM protem. In 
a preferred embodiment f)f the mx'ention, the protein has the amino add 
sequence as shown m Figure 2. 

In addihon to full length amino acid st-quences, the proteins of the 
prei^nt invention also mcludc truncalionfe of the protem and analogs and 

15 homokigs of the protein and truncation"^ thereof as de6cribed herein. Truncated 
proteins may compiise peptides of at least fifteen amino acid rcMdues. Analogs 
of rhe protein having the amino ocid sequence s.hnwn m Figure 2 aud/or 
trttncations thereof as dcscnbod horcm, may include, but are not limited to, an 
amino acid sequence containing one or more ammo acid substitutsonh., msertions, 

20 and/ or deletions. Amino acid subhtitutions may be of a conserved or non- 
conserved nature. Conserved ammo acid i-ubstitulions invoivtj rep^Iacing one or 
more ammo acids of the proteins ot the invention with amino -icids of suniiar 
charge, size, and /or hydrophobicitv characteristic^. When only conserved 
substitutions are made the resulting analog should be functionally equivalent. 

25 Ntm-coivheryed i>ubi>t nut tons invoke replacing one or more amino acids of the 
ammo acid sequence with tjne or more amino acids which posses^s dis>i>iinilar 
cfuirge, size, and /or hydrophobicity characteristics 

One or more amino acid insertions may bo mtrodu ced mto the ammo 
add .sequeri(.es shown in Figure 2 Amino acid insertions may consist of single 

30 amino acid residues or a range of sequential amino acids. 
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Deletions may consist of the removal of one or mote amino acids, or 
discrete portions from the ammo acid sequence shown in Figure 2. The deleted 
ammo acids maj or ma)' nut be contiguous. The lower limit length of the 
resulting analog wifh a deletion mutation is^ about 10 ammo acidt,, preferably 100 
5 ammo acids. 

Analogs of a protein of the mvontjon may be prepared by introducing 
mutatioiis m the nucleotide sequence encoding the protein. Mutations m 
nudef>tiiie sequences constructed foi e\pret,sion of analogs of a protein of the 
mvention mutst prejjorve the reading frame f)f the coding sequences. 

10 Furthermore, the mutations will preierabiy not create romplementary regions 
that could hybridize to produce secondary mRNA structures, sudi as loops or 
hairpins, which could adversely affect translatioii of the receptor mRNA. 

K'lutati(jns may be introdncrtl ai pariicnlir ]c»ct bv syntlie.sizing 
ohgonucleotides contain mg a mutant sequence, flanked by restriction sites 

15 enabling ligation to fragments of the native sequence. FoUovvmg ligation, the 
resulting reconstructed sequence encodes an analog having the desired amino 
acid msertion, substitution, or deletion. 

Altemativeiy, oligonucleotide-directed site .specific mutagenesis 
procedures may be employed to provide an altered gene havmg particular 

20 codons altered accordmg to the substitution, deletion, or m=(ertion required. 
Delation cvr truncation of a protein of the invention may also be constructed by 
utilizing convenient lestrictjon endonuclease .sites adjacent to the desired 
deletion. Subj^equcnt to restriction, overhangs may be filled in, and the DN.A 
religated. Exemplary methods of making the alterations set forth above are 

25 disclosed by Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd Ed„ 
Cold Spring Harbor Taboratory Press, 1989) 

I he proteirs ot the invention also include hcmiologs of the amino acid 
.sequence shcnvn m Figure 2 and /or truncations thereof as described herein. 
Such homologs are proteins whose amino acid sequences are comprised of 

30 amino acid sequences whose coding nucleic acid sequences hybridize under 
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Stringent hybridization conditions (see discussion of stringent hybridization 
conditions herein) with a nucieic acid probe lised to obtain a protcm of the 
invention, 

A homoiogous pi-otein inchidt^b a protein with an ammo Acid sequence 
5 having at least 70"'.., preferably 80-90';'o identih' with the amino acid hequence as 
shu'W'-n m Figure 2. Homology is typically measured using sequence analysis 
wftware {e.>^.. Sequence Aiialysis Software Package oi the Genetics Computer 
C^roup, University of Wisconsin Biotec]'!n<>kigy Center, 1710 University Avenue, 
Madison, VVI 53705) Similar amino acid sequ(;nces are aligned to obtain [he 

10 maximum degre*.; of homology {i.e., identity). To this end, U may be necessary 
to artificialK' introduce gaps into the sequence. Once the optimal alignment lias 
been sel up, the degree of homology (/ c , identity ) is established by recording ail 
of the positions m which the ammo acids ot both sequences are identical, relative 
to the total number of positions. For example, sequence alignments may be 

15 performed using the ALIGN (Trademark) or GENALK^N (Trademark) computer 
programs (Intehgenetics Suite 5.4, 0\f(jrd Molecular). AUGN uses the 
Needleman-Wtmsrh algor'thm (Needleman and Vvunsch, J. Mo!. Biul 48.443 
fiy70)) and Its later modifications to locate regions of similantv between two 
sequences. Finding regions ot maximum similarity between two sequences can 

20 be solved in a rigorous manner using the iterative matrix calculation of the 
Neeiileman and Wunsch 1997 algor thm. The analysis is restricted to regions 
with no internal deletion'^ or msertums, joined by a minimum number of loop- 
outs or deletions. Sellers (J. Appl Math (Siam) 26:787 {1974)) developed a true 
metric measure of the "distance* between scqueiices and \Vaterman ct al 

25 (Advan. Math 20:367 {I'^Vb)) extended this algorithm to include insertions and 
deletions of arbitrary length, smith 0- Mol. Bioi 147- (1981)) improved the 
early algorithms to fmd the subsequences of maxmmni similarity. The algorithm 
has been used to analyze sequences as long as 5000 bases by dividmg these 
sequences into segments of 200 to 400 bases, and then reassembling them into a 

30 final best match. Tliis method of dividiirg the sequence and then reassembling it 
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has proven quite robust. The algorithm permits the size of the segment to be 
specilied whidx the program searches for sim.ilaritieb The program then 
assembles the segments aftet cht;i.kng ovf ilaps of adjacent suhsequences The 
weighting of deletions and the reiatu'e size of o\'erl<ips ina> be contrnlled. The 
5 program displays tiie rt'sults to show the diticrcncct-> m closoly related sequences. 
CENAilGK is a inviltiple oligiiment program Up to sequences usmg the 
Martmez/Regi ons (Sobel And Martinez, N-uc.eiL Acid Reti hi 363 (198'>)) or 
Ncedieman-Wunpch (Needieman and Wunsch, ) Mol Biol 48:44 ^ O^^^O)) 
method may be analyzed for alignment GENALIGN placet, the sequenceb m an 

iO order that puts the moi^t closely aligned sequence pair& adjacent to each other, A 
consensus sequence is displayed under the muUiplt; bcquence aligrinieiits. The 
sequences used m developing the consensus sequence file tor use tn olhei 
programs. GHN ALIGN allows the parameters of tlu; search to bo changed so 
thai alternate alignments ot thu sequences can be formed. 

IS These programs are used empioymg their default settings. The default 

settings are as follows: 
FastDB 

AMlNO-Res-length = 2 



30 



25 



20 



Deiet;on-weight - 
Length-factor = 
N latching-^vej ght 
NUGLEIC-Rcs-lcngth 
Spread-factor = 
Findseq 

Search Parameters , 
^^imilanty matrix 
K-tuple 

Mismatch penalty 
Jomingrpnaltv 
Randomization group length 



50 



5.00 



Unitary 



4 



n 



1 .00 



30 



4 



1 



0 
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Cutoff score 



5 



5 



Ali gi\ment Parameters : 
Window size 
Gap penalty 
Gap size penaitj' 



0.33 



1.00 



32 



The invention also contemplates isoforms of the proteixis of the 
inx'eDtion. An isoform contains the same number and kinds of amino acids as a 
protein of Ibe invention, but the isoform has a different molecular structure. Hie 
isoforms contemplated by the present invention are those ha\'ing the same 

10 properties as a protein of the invention as described herein. 

Polypeptides having a sequence homologous to the sequence of a 
modified gp 100 such as that shown in Figure 2, inchide naturally-occurring allelic 
variants, as well as mutants or any other non~natura!iy occurring variants that 
are analogous in terms of antigenicity, to a polypeptide having a sequence as 

15 shown in Figure 2. 

As is known in the art, an allelic vanant is an alternate form of a 
polypeptide thai is characterized as having a substitution, deletion, or addition of 
one or more amino acids that does not alter the biological function of the 
polypeptide. By "biological function" is meant the fu.nctioa of the polypeptide in 

20 the cells in vv'-hich it naturally occurs, even if the function is not necessary for the 
growth or survival of the calls. For exampie, the biological function of a poriii is 
to allow the entry into cells of compounds present in the extracellular medium. 
The biological function is distinct from the antigenic function. A polypeptide can 
have more than one biological function. 

25 Allelic variants are very coinmon in nature. For example, a bacterial 

species (i.e. C. pneumaniiie) is usually represented by a variety of strains that 
differ from each other by minor allelic variations. Indeed, a polypeptide that 
fulfills the same biological function in different strains can have an amino acid 
sequence that is not identical in each of the strains. Such an allelic variation may 

30 be equally reflected at the polynucleotide level. 
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The present invention also includes a protein of the invention 
conjugated with a i>t'lectt;d protfin, or a :>electdble marker protein (see below) to 
product fusion proteins. Addition.^iiij, iinmurtogonjc portions and/or fragments 
of a modified gplOO of the invention are wiUmh {lie .scope of the invention, 
5 An example ot fusion poiypeptides mcludcd in thi^^ invention includes a 

polypeptide or polypeptide derivative of the invention fused to a polypeptide 
halving adpjvani activity {such as. ior example, subunit B of either dif^lera tt>xHi 
or E cell heat-Libile tox.n). Several popbibihhes exist for achieving fusion First, 
the polypeptide of the in\ ention can be fxised to the or preferably^ to the C 

10 terminal end of the polypeptide having adjuvan*- activit)*- Second, a polypeptide 
fragnien- of the invention can be fuv.ed withjT the ammo add bequence of the 
polypeptide having adjuvant activity 

The proteins of the invention (mcluding truncations, analogs, etc.) mav 
be prepared using recombinant DNA methods. Accordingly, the nucleic acid 

15 moleculeb of the prei>ent mvenlitm having a sequence which encodes a protein of 
the iiu'ention may bf incorporated m a known mannt-r into an appropriate 
expression vector wh-ch ensures good expres-iion of the prot<>in. Possible 
expression s'ectors include but arc not limited lo cosmids, plasmids, or modified 
viruses ^eg. repliaihon defective retroviruses, adenoviruses and adeni>~ 

20 a^socidti'd viruse^^, so lung as the vectt.ir is compatible with the host ceil u^ed. 
i'he expression "x'ector.s are suitable ror tianhtonnatiun of a host cell" is defined 
as meaning that the expressum vectors contain a nucleic acid molecule of the 
mvention and attendant regulatory sequences selected on the basis of the host 
cells tc* be U'>ed ftn expr(.'.ssion, said regulatory sequence being operalivcly Imkod 

25 to the nucleic acid molecule. "Oficiatively linked" is intended to mean that the 
nucleic acid is Imked to regulatory sequences in a manner whidh allo^vs 
expression of the nucleic acid. 

The in\ ention therefore conten\plates a recombinant expression vector 
of the invention containing a nucleic acid molecule of the invention, or a 

30 fragment thereof, and the necessary regulaton"- sequences for the traasciipiiou 
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and translation of the inserted rucleotide-sequence. Suitable regulatory 
sequences mav be derived from a variety of sources, including bacterial, fungal, 
oi viral genes, (For exdm[->le, see the regulatory sequences described in Goeddel, 
Gei\e Hxpiession lechriolog)*: Methods in Irnzymology 185, Academic Press, San 
5 Diego, CA (1990)). Selection of appropriate reguktory sequences is dependent 
on the host cell chosen, and may be readily accomplished bv one of ordinary skill 
m the iirt. Examples of ?uch regulatury sequences include the foilowing: a 
transcriptional promoter and enhancer, or RNA polymerase binding frequence, 
or a ribosomal binding sequence {including =i translation initiation signal). 

10 Additionally, depending on the host cell chosen ai^d the \-cctor employed, other 
sequences (such as. an origin of replication, additional DNA rebtriction suites, 
enhancers, and sequences conferring inducibiHt\' of transcription) may be 
incorporated into the expression vector It wiii also be appreciated that the 
nccespary regulatory sequences may alK^ he supplied by the gplOO/gpiOOM gene 

15 and /or its flanking regions in addition to the above mentioned rej^iatory gene 
sequence(s). 

The invention turther pnivides a recombinant expression vector 
comprisnig a DNA nucleic acid molccuk-^ of the invention cloned into the 
expression vector in an antisense orientation. That is, the DNA molecule is 

20 operatively lii\ked to a regulatory sequence in a manner which alknvb for 
expression, by transt ription of the DNA molecule, of an liNA moLvuie vvliich is 
antisense to a nuclaitide sequence comprising the nucleoHdes as shown in 
FigTjre 1. Regulatory sequences operatively linked to the antisense nucleic acid 
can be chosen ^s'hich direct the continuous expression of the antisense RNA 

25 molecule. 

The recombinant expression vectors of the m\'ention ma)^ also contain a 
selectable marker gene which faciHtates the selection of host cells transformed or 
transfected with a recombinant molecule of the invention. Examples of 
•^.electable marker genets are genes encoding a protein such as ai\d 
30 hygromycin (ivhich confer resistance to certain drugs), p~gaIactosldase, 
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chloramphenicol acotyj transferase, or firefly iuciferase. I'ranscriptiori of the 
selectable marker gene is monitored by chat^ges ir\ the concentration of the 
seiectcibie marker protein such as fJ-galactosidase, chloramphenicoi 
acetyitransferase, or firefly iuciferase. If the selectable marker gene encodes a 
5 protein conferring aniibiotic resistance such as neomycin resistance transformant 
cells can be selected with G418. As is known to one skilled in the art, cells that 
have incorporated the selectable marker gene will survive, while cells which do 
not have any sudfi incorporated detectable marker will die. This makes it possible 
to visualise and assay for expression of recombinant expression vectors of the 

10 invention. It vsill also be appreciated that selectable markers can be introduced 
on a separate \-ector from the nucleic acid of interest. 

The recombinant expression vectors may also contain genes which 
encode a fusion moiety whicli provides increased expression of {he recombinant 
protein; increased solubility of the i-ecombinant protein; and /or aids in. the 

15 purification of a target recombinant protein by acting as a ligand iri affinity 
purification. For example, a proteolytic cleavage site may be added to the target 
recombinai\t protein to allow separation of the recombinant protein from the 
fusion moiety subsequent to purification of the fusion protein. 

Recombinant expression vectors can be introduced into host cells to 

20 produce a transformed host cell. The term "transformed ho.st cell" is intended to 
include prokaryotic and eukaryotic cells which ha\'e been transfornied or 
transfected with a recombinant expression vector of the invention. Ti\e term.K 
''transformed with", "transfected with", "transformation" and trans fection" are 
intended to encompass introduction of nucleic acid (e.g. a vector) into a cell by 

25 one of many possible techniques known in the art. Prokary-otic cells can be 
transformed with nucleic add by, for example, electroporation or calcium- 
chloride mediated transformation. Nucleic acid can be introduced into 
mammalian cells via conventional techniques such as calcium phosphate or 
calcitmi chloride co-precipitation, DEAE-dextran-mediated transfection, 

30 lipofectin^ electroporation or microinjection. Suitable methods for transforming 
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and transfecting host cells can be foxmd in Sambrook et ai, (Molecular Cloning: A 
L,aboratory Manual 2nd Edition, Cold Spring Harbor Laboratory press (1989)), 
and other laboratory textbooks. 

Suitable host cells include a wide variety of prokaryotic and eukaryotic 
5 host cells, Vot example, the proteins of the invention may be expressed in 
bacterial ceils such as E. coJi, iiisect cells (u^ing baculovirus), yeast cells or 
mammalian cells. Cither suitabk host cells can be ioiuid in Goeddel, Gene 
Expression Technology: Methods in Enzymology 185, Academic Press, San 
Diego, C A (19911 

10 The proteins of the invention may also be prepared by chemical 

synthesis usi.ng techniqites well known in the chemistrj' of proteins such as solid 
phase syitthesis {Merritield, J. Am. Chem, Assoc. 85:2149-2154 (1964)) or 
synthesis in homogenous solution (Houben'^veyl, Methods of Organic Chemistry 
(1987), (ed, E. Wansch) Vol. 15, pts. T and JL Tliieme, Stuttgart). 

15 IV. VACCINES 

The present invention includes a vaccine for modulatir^g an animal's 
immune system wherein the immunogen is an effective amount of a gpiOO or 
modified gplOO, and /or immunogenic fragments thereof, preferably ii^ 
admixture with a suitable diluent or carrier. 

20 Accordingly, the preseiU invention also includes a method of 

modulating an animal's immune .response comprisiiig administerir^g an effective 
am.ount of a gplOO or modified gplOO and/or immunogenic fragments thereof, 
preferably in admixture with a suitable diluent or carrier, to an animal in need 
thereof. 

25 The vacci.nes of the present invention may additionally contahi suitable 

diluents, adjuvants and/or carriers. Preferably, the vaccines contain one or more 
other adjm'ants which can further enliance the inununogenicity of the vaccine ifi 
vivo. These other one or more adjuvants may be selected from many known 
adjuvants in the art including, for example, the Hpid-A portion of the LPS frtnn 

30 gram negative bacteria (endotoxin), trehalose dimycolate of mycobacteria^ the 
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phospholipid lysokcithin, dimethyldictadecyl ammonium bromide (D0A), 
certaiii linear polyoxypropylene-polyoxyethylene (POP~POE) block polymers, 
aluminum hydroxide (and other akimiiiunt compounds), and Uposomes (see 
below). 

5 /Another preferred adjuvant /immLmostimulaiit is an 

immunosHmulatory oligonucleotide containing unmethyiated CpG dinucleotides 
{"CpG"). CpG is an abbreviation for cytosine-guanosine dinutleotide motifs 
present^ in DMA. CpG is known in the art as being an adjuvant when 
administered by both systemic and mucosal routes (WO 9602555; European 

10 i^atent EP 468520; Davies ct al. (1998) /. Imnnmol. 160:87; McClu^kie and Davis 
(1998) J, Immunol 161:4463). In a number of studies, synthetic oligonucleotides 
derived from BCG gene sequences ha\^e also been shown to be capable of 
inducing immtmostimulatory effects (both in vitro and in vivo; Krieg, (1995) 
Nature 374:546), Detailed analyses of immtmostimulatory oligonucleotide 

15 sequences has demonstrated that the CC motif must be in a certain sequence 
context, arid that such sequences are common in bacterial DNA but are rare in 
vertebrate DMA, (For example, the immimostimulatory sequence is often: 
purine, purine, C, G, pyrimidine, pyrimidine, wherein {he CG motif is not 
n^ethy].ated; however other unmethyiated CpG sequences are knovv-n to be 

20 immunoslimulatory and as such may also be used in the present invention.) 

Tlie vaccines may also include as adjuvants cytokiijes that are known to 
enhance immune responses {including GM-C;!SF, Tl..~2, 11.-12, TNF axid IFNy), co- 
stimulatory molecules (such of those of the B7 family) and /or other 
lymphokines. The \'accine may also contain preser^^atives such as sodium azide, 

25 thimersol, beta propiolactone, and binary ethyleneimine. 

Il^e vaccine coiripositions of the invention are suitable for adminstration 
to subjects in a biologically compatible form ifi vivo. The expression "biologically 
compatible form suitable for administration in vivo" as used herein means a 
form of the substance to be administered in which any toxic effects are 

30 outweighed by the therapeutic effects. 
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The dose of the vaccine may vary according to factors such as the 
disease ^tate, age, sex, and weight of the , and the abilUv of the % accinp to elicit a 
d(:<5ired response m the ainnud Dosage regime may be adjusted to provide the 
optimum therapouhc lesptm^c. For example, Hfveral divided doses may be 
5 administered daily or the dose may be proportionally reduced as mdicatod by 
the exigencies of tiie therapeutic situation. The dose of the vaccine may also be 
varied to proxide optimum preventative dose respontje depoiidin^ upon the 
circumstances. 

The \ accmes may be admm^stored in a convenient manner surh as by 

10 injection {pnbcutanoout>, intravtnoas, mtramuscular, intranodal etc.), oral 
administration, mhalat-.on, transdermal administration (sudi as topical cream or 
ointment, etc), or suppositoiy apphtation^, 

Assnrh- m one aspect of this mvention, Ihvic are provided (i) a vacrine 
contammg a modified gpiOO (or immunogenic fragment thereot) of the 

15 mvention; (ii) a composition of matter conlammg a gplOO (or immunogenic 
tragment theieof) of the in\enlion, together with a diluent or earner, (ui) a 
pharmaceutical compo-iitton containing a therapeutically or prophylaclicaliy 
effective amount of a modified gplOC (or immunogenic fragment thereof) ot the 
invention; (iv) a method for mducmg an immune response against a modified 

20 gpiOO {or immunogenic fragment thereot) in a mammal (for example, a human; 
alternarively, the mtthod can be used m veterinary appliLatiLin) which mvoh-es 
admmistenng the mammal an immimogenicaily etfect^ve amount of a modified 
gpiOO (or immunogenic fragment thereof) of the invention to elicit an immune 
response (tor example, a protective or therapeutic immmie response to moditicd 

25 gplOO); (v) a method foi pieventm^ and/or treating melanoma which mvoKes 
administeiing a prophylactic or thetaueutiL amount of a modified gplOO (or 
immunogenic fiagment thereof) of the invenhon to an indmdua! m need 
Additionally, the invention encompasses the use of a moditiea gpiOO (or 
immunogenic fragment theieof) of {he mvonhon m the preparation of a 

30 medKunient foi pte\ entmg aud,'or tzeaimg of melanoma. 
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A vaccine of the invention may contain a nucleic acid molecule encoding 
modified gplOO protein of the in\-erit5on Such x'accines are refered to at> nucleic 
acid vaccmes but are alsu termed genetic vaccine.s, polynuck'ohdf vdccmes or 
DNA \'ttccincs, all of which arc within the bcope of the present mvention. In such 
5 an emhodiment, the modified gplOO protein is produced m vw^^ in the host 
aninial. Tiie vaccines t-ontaining nucleic acids, may be delivered using a suitable 
\-ector {\c "vaccine vector ') mciudirig, for example, retrox'iral vectors, alphaviral, 
adenoviral vectors, poxviral vectors, other viral vectors bacterial DNA, 
plasmids, c>r free /naked DNA. 

10 Accordmgiy, in additional aspects of the mvention, there are provided U) 

a \accine vector contaming a DNA iTiolecuic of the inventi{>n placed under the 
control of elements required for evprevSsion, (li) a composition of matter 
containing a \-accme vector of the mvenhon, together with a diluent or earner; 
(ill) a pharmaceutical com.position containing a therapeuticaliy or prophylactically 

15 effective amount of a vaccine vector of the invention; (iv) a method for inducmg 
an immune response against mochfied gplOO m a mctmmal t^toi" example, a 
human; aiternatively, the method can be used m veleriiiary apphcati<.>ns) hich 
invoh'CS administering to the mammal an jmmunogemcal!) effective amount of 
a \'accme vector of the invention to eiiat an immune response, {for example, a 

20 protectn-e or therapeutic unmune respunije to modified gplOO); (v) a methoci for 
preventing and/or treatmg meianoma vt'hich involves administering a 
prophylactic or therapeutic amount of a vaccine vector of the invention to an 
individual m need. Additionally, the mvention encompas&es the use of a vaccme 
vector of the invention in the preparation of a medicament fo^ preventing 

25 and /or treating of melanoma, 
i Vaccine Vector 

The vaccine vector may bo a poxvirus of other wal vector, bacterial DNA, 
piasmid or a free/naked DNA. Preferably the vaccme \-ector is mcapable of 
Integra turn in recipient aiimial cells. The elements for expression from said 
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vaccine vector may include a promoter suitable for expression in recipient animal 
cells, 

I ive vaccine vectors avdiloble in the art include vua! vectors such as 
aiphciviniseii, adenoviruses and poxvuuses as well as bacterial vectors (for 
5 e^ampif, Shtgelh, Saimondla, Vibrio chokrae, Lactobacillus, Baallv Calmette GuCnn 
{BCGk and SttcpU'Couus). 

An example of an adenoviuts vector, as well as a method for 
construclmg an aderovirub vector capable of exprebsmg a DMA molecule of the 
mventton, are described m L' S. Patent No. 4,920,209 (incorporated herein by 

10 reterenceV Poxvirus vectors that can be used iiiclude, for example, fowlpox, 
vacnnia and canary pux virus (as. described m U S. Patent No. 5,766,599 and U.S. 
Patent No. 5,^64,773, T1.S, Parent No 5,75h,101, (AiVAC(2), US Patent No. 
5,9«0.09l, U.S. Patent No 6,004,777) Poxvirus vectors capable of expressing a 
nucleic acid of the invention can be nbtamed by homohjgous recombination as ss 

15 known tt.> one t»killed in the art so that the polynucleotide of the mvention is 
inserted in the viral genome undoi appropiiate ccsnditions for expression m 
mammajjan cells ("see below). 

In one preferred aspect the engmeered poxvirus \ector is ALVAG 
(which has been derived from canar\-pox viru^). ALVAC does not productively 

20 replicate in mm-avum ht^jsts, a tharactenstic tht)ught to impruvy its safety profile. 

ALVAC IS an attenuated canarypox virui^-based vector that was a 
plaque cloned derivative of the licensed canarypox vaccme, Kanapox (lartaglia 
et al., Virol. 18S:217 (1992)) (U.S. Patent No. 5.756,103). ALVAC has some 
general propertie*- which are the same as some general properties of Kai^apox, 

25 ALVAC-hased recombinant vitu.sfS expressing extrinsit. immunogen:* have also 
been demonstrated cthcacious as vaccme vectors {lartagha, j et al, In AIDS 
Research Reviews (vol. 3\ Koff, W , VVong-Staol, P., Kenedy, R.C, (eds). Marcel 
Dt'kkei NY, pp 361-378 (lvt93); Tartaglia, ). et al. J. Virol 67 2370 (1993)), bor 
instance, mice immumVed with an ALVAC lecombinaat expressing the rabies 

30 vims glycoprotein were protected from lethal challenge with rabies x?jrus 
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(Tartagiia, J. et al (1992), Virology 188:217) demonstrating the potential for 
ALVAC as a vaccine vector. ALVAC-based recombinants have also proven 
efficacious in dogs challenged with canine distemper virus (Taylor, |. et al., (1992), 
Virology 187:321) and rabies virus (Perkus, M.E, et al„ In Combined Vaccines 
5 and Simultaneous Administration: Current Issues and Perspective, Annals of 
New York Academy of Sciences (1994)), m cats challenged with feline leukemia 
virus (Tartaglia, J. ct al. j. ViroL 67:2370 fl993)), and in horses challenged with 
equine influenza virus (Taylor, j. et ai„ In Proceedings of the Ihird Internationai 
Symposium on Avian Itifluenza, Univ. of Wisconsin-Madison, Madison^ 

10 VVisconsiii, pp. 331 -335 (1993)). 

ALVAC (2) i.s a second -generation AI..VAC vector in whicli vaccinia 
transcription elements E3Land K3L have been inserted within the C:6 bcus (U.S. 
5,990,091; XJ.S, 6,004,777). The E3L encodes a protein capable of specificaUy 
binding to dsRNA, The K3I.. ORF has significant homology to ElF-2. Within 

15 ALVAC (2) the E3L gene i.s under the tra.nscriptional control of its natural 
promoter, whereas K3L has been placed under the control of the early/late 
vaccine H6 promoter. The E3L and K3L genes act to inhibit PKR activit}-' in cells 
infected with .ALVAC (11), allowing enhancement of the level and persistence of 
foreign gene expression. 

20 Additional vaccine vector systems involve the use of naturally host- 

restricted pc)xviruses, Fowlpox virus (FPV) is the prototypic virus of die Avipox 
genus of the Poxvirus family. Vectors derived from fowlpox have been 
generated (i.e., TROVAC, see U.S. Patent No. 5,766,599) Replication of the 
avipox viruses is limited to avian species (Matthews, hiter Virol, 17:42 (1982)) and 

25 there are no reports in the literature of avipoxvirus causing a productive 
infection in any non-avian species uuiuding man. This host restriction provides 
an inherent safety barrier to transmission of the virus to other species and makes 
use of avipoxvirus based vaccine vectors in veterinary and human applications 
an attractive proposition. 
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FPV has been used advantageously as a vector expressing antigens from 
poultrv pathogens. The hemagglutinin protein of a virulent avian iniluen;'a 
virus was evprPhsrd in an fPV rcLOinbinant After inocuiation of the 
recombinant mto chickens and turkeys, an inmiune respt>nse wa-^ induced whkh 
5 was protective against either a homologous or 3 heterologous virulent mfluenza 
virus challenge (Taylor, J. et a!., (1988) Vaccine 6:504 K FPV recombmanty 
e\pres.Mng tlie ^uiface gh (.uprott•m^ ot Kevvcastle Diteabe Virus have also been 
developed (Taylor, J et al. {Vm) j Virol 641441, Fdbaupr, C ot ai , (1990) 
Virology 179:901). 

10 Highly attenuated strain of vaccines, designated MVA, has also been 

used as a vector foi pt)xv^rus-bdi,od vaccines Use of hWA is described in U.S. 
Patent No. ^,185,146. 

Other attenuated po,\sdrui vectors have been prepared by genetic 
modtfaations of \sild type strains of virus The NY\^AC vector, foi example, 3.s 

15 derived by delelKMi of specific virulence and host-range genes from the 
Copenhagen strain of vaccinia {Tartaglia, } vt al (1992) \'ir(jiiugy 188 217) and has 
proven useful as a recombmant vector m cljciting a protective immune lesponse 
agamst an expressed toicign antigen (U.S. 5,364,773). The TROVAC vector 
provides vot another example of an attenuated poxvirus which may be used 

20 (U.S. 5.766,599). 

Recfimbinant poxviruses can be (onstrucied m iwu steps known in the 
art and analcgou? to the methods for creating synthetic refombtnants of 
poxviruses such as the vaccmja virus and avipox virus ^described m U.S. Patent 
Nos. 4,769,330; 4,744,S48; 4,603,112; 5,100,587; and 5,179,993), Clearly, based on 

25 the atlenualion profiles of the N^VAC, ALVAC, and TRO\''AC vectors .md Uieir 
demonstrated ability to elicit both humoral and cellular immunological lesponse.s 
to extritisic immunogens (Taitagiia, J, et al, in AIDS Research Revievs-s (vol 3), 
Koff, W., VVong-Staoi, F and Kenedy, R.C (eds), Marcel Dekker NY, pp. 361-378 
(1993); Tartagha, j. et al (1993) J, Virol 67;237Ct,; Taylor, J. et al., fl992) Virology 

30 187:321), such recombinant viruses offer a distinct advantage over previously 
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described vaccmia-based recombmant viruses. It can thus be appreciated that 
provision of a modified gplOO recombinant poxvirus, and of compositions and 
products therefrom (pardcularl}^ ALVAC-modified gplOO recombinants and 
compositions and products therefrom) would be a highly desirable advance over 
5 the current state of technology. 

i^lasmids and/or free/naked nucleic acids (i.e. polyaucleotides. (DNA or 
IINA)) of the invention can also be administered as vacctxie vectors to an animal 
for vaccine {e.g., therapeutic or prophylactic) purpose (US Patent No. 5589466; 
McDonneli and Askari, NEjM 334:42-45 {1996); Kowalczyk and Ertl,, Cell Mol. LU"e 

10 Sci. 55:751-770 (1999)}. When a DNA molecule of the invention is used, it can be 
in a free/naked or plasmid form. Typically it is a form tliat is unable to replicate 
in a mammalian ceO and imable to ir\tegrate in the mammalian genome. The 
DNA molecule is also typically placed under the control of a promoter suitable 
for expression in a mammalian cell The promoter can ftmction ubiquitously or 

15 tissue-specifically. Examples of non- tissue specific promoters include the early 
Cytomegalovirus (CMV) promoter (described in U.S. Patent No. 4,168,062) and 
the Rous Sarcoma Virus promoter. The desmin promoter is tissue-specific and 
drives expression ir^ muscle cells. More generally, useful vectors have been 
described (('.f'., WO 94/21797). 

20 For DNA/RNA vaccination, the pohTiucleotide of the invention can 

encode a precursor or mature form of the modified gplOO or immunogenic 
fragment thereof. When it encodes a precursor form, the precursor form can be 
homologous or heterologous. In tlie latter case, a eucaryotic leader sequence can 
be used, sucli as the leader sequence of the tissue- type plasminogen factor (tPA). 

25 Standard techniques of molecular biology for preparing and ptrrifying 

polynucleotides can be used in the preparation of polynucleotide aspects of the 
invention. For use as a vaccine, a polynucleotide of the invention can be 
formulated according to various methocis known to those who arc skilled in the 
art. 
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First, a polynucleotide can be used in a naked / free form, free of any 
deiivery vehicles (such as anionic liposomes, cationic lipids, microparticies, {e.g., 
gold microparticlet^), precipitatiiig agentt> {e.g., calciurn phosphate}) or any other 
transfectjon-facilitaling agenl. In this case the polynudeoUde can be bimply 
5 diluted in a physioJogicaliy acceptable solution (such as sterile saiine or sterile 
buffered saline) with or without a carrier. When present, the carrier preferably is 
isotonic, hypotonic, or weakly hypertonic, and has a relatively low ionic strength 
(such as provided by a sucrose soiuHon (e.g., a solution containins^ 20% sucrose)) 
Alternatively, a poiynucieotide can be associated with agents that assist 

10 in cellular uptake. It can be. La., (i) complemented with a chemical agent that 
modifies the cellular permeability {such as bupi%'acaine; see, for example, WO 
94/16737), (ii) encapsulated into liposomes, or (iii) associated xvith cationic lipids 
or silica, gold, or tungsten microparticies. 

Cationic lipids are well known in the art and are commonly used for 

15 gene deliver)'. Such lipids include Lipofectin{ also known as DOTMA (N-[1-(2,3- 
dioleyloxy)propyl|-M,N,N-trimethylammonium chloride), LX^TAF (1,2- 
bis{o!eyloxy)-3-(trimethylaminonio) propane). DDAB (dimethyldioctadecyl- 
ammonium bromide), EXXiS (dioctadecylamidologlycy] spermine) and 
cholesterol derivatives such as DC-Chol (3 beta~(N~(N',N'-dimethyl 

20 aminomethane)~carbamoyl) cholesteroi), A description of these cationic lipids 
can be found in EP 187,702, WO 90,/ 11092, U.S. Patent No. 5,283,185, WO 
91 /15501, WO 95/26356, and U.S. Patent No. 5,527,928. Cationic Upids for gene 
deliver)' are preferably used in association with a neutral lipid such as D(3FE 
(dioleyl phosphatidyiethanolamine), as, for example, described in WD 90/ U 092. 

25 Other transfection-facilitating compounds can be added to a .formiilation 

containing cationic liposovnes. A number of them are described in, for example, 
WO 93/18759, WO 93/19768, WO 94/25608, and WD 95/23<^7. They include, i.e.. 
spermine derivatives useful for facilitating the transport of DNA through the 
nuclear membrane {see, for example, WO 93/18759) and membrane- 
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permeabilizing compounds such as GALA, Gmmicidine and cationic bile salts 
(see, for example, WO 93/19768). 

Gold or hmg&ten microparticies can also be used for gene delivery (as 
described in WO 93/359 and WO 93/17706). In this case, tl-ie microparticle-coated 
5 polynucleotides can be injected via intradermal or {nttaepidenna} routes using a 
needleless injection de\'ice ("gene gun"), ?.uch as those described, for example, in 
U.S. Patent No. 4,945,050, U.S. Pate^^tNo. 5,015,580, and WO 94/24263. 

Anior:ic and neutral liposomes are also well-known in the art (see, for 
example. Liposomes; A Practical Approach, RFC New Ed, IRL Press (1990), for a 

10 detailed description of methods for making liposomes) and are usehi! for 
delivering a large range of products, includi.r\g polynucleotides. 

A vaccine vector of the ii-\venfcion can also express a cytokine (for 
example, such as intprj«-'ukin-2 (11-2), tnferleuki,n-12 (0..~12), granulocyte- 
macrophage colony stimulating factor (GM~CSF)) and/or civstimulatoiy 

15 molecules (for example, such as the B7 family of molecules) and/or other 
iymphokines that enhance the immune response. Thus, a vacciTie vector can 
include an additional DMA setiuence encoding, for example, a cytokine and /or 
lymphokine and/or co-stimulator)' molecule placed under the control of suitable 
elements required for expression in an animal cell. 

20 AUematively, a composition of the invention can include several vaccine 

vectors each being capable of expressing an aspect of the invention (i.e., 
pol^-peptide derivative of the invention, cytokine and /or lymphokine and /or 
costimuiatory moieciiles) a polypeptide or derivative of the invention. 
a Mode of Administration 

25 In vaccination methods for treating or preventing cancer in an animal, a 

vaccine vector of the invention can be administered by any cimventk^nal route in 
use in tlie vaccine field as is kno^vn to one skilled in the art. Tbis may include, for 
example, admmistration to a mucosal (e.g., ocular, intranasal oral, gastric, 
pulmonary, intestinal, rectal, vaginal, or urinary tract) siu'face, via the parenteral 

30 (e.g., subcutaneous, intradermal, intramuscular, intravenous, or intraperitoneal) 
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route or mtranodally. Preferred routes depend upon the choke of the vaccine 
vector The administration caii he aciiieved in a single dose or repeated at 
intervals The appropnatc dosage dt>pend:s on various parameters, imderstuod 
by bkillcd artisant. sudi as the vaccire V'ector itsclt, the nmte ot administxalioii 
5 and the condition of the ammal to bo vacctnated (weight, age and the like). 

The administration of the \'accine or immunogen of the present 
invention may be for cither a prophylactic or therapeuUc pmp(,tse. When 
provided prophylactically, the immunogen ie- providt'd m advance of any 
evidence or in ad\-ance of any symptom due to melanoma^ or in patients 

10 rendered free of disease by conventional therapies but at significant risk fcir 
reoccurience, Tiie prophylactic administration of the immiuiogen serves to 
prevent or attenuate melanoma In a mammal When provided therapeutically, 
the immunogen :s provided at (or a her) the onset of the disease or at the onset 
of any symptom of the disease. The therapeutic admmistration of the 

15 immunogen serves to attenuate the disease. 

A particularly preferred vaccination method encompasses a prime boost 
protocol. Recent studies have mdicafed that this protocol, vv- hereby 
immunization with a poxvirus recombinant expressing a foreign gene product 
(or other nucleic acid encoding for a gene product) is followed by a boo.^t usmg a 

20 purified subunit prt pa ration foim of that gene product (or nucleic acid coding 
therefore elicib. an enhanced immune response relative to the response ebcitod 
W3th either product alone. Accordingly, it is within the scope of the present 
inventum to use a modified gplOO m a prime-boost protocol Examples oi 
methodologies teaching prime-boost protocol arc described in WO 98/38956, 

25 WO 00/0021f>, WO 98/56^19, WO 97/39771, and WO 93/38956 which are 
incorporated herein by reference. 

The amount of naked /'free DNA to be used m a vaccine recipient 
generally depends on the strength of the promoter used m the DNA construct, 
the inununugenicily ol the expressed gene product, the condition of the animal 

30 intended for administration (i.e. Ate weight, age, and general health of the 
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ammal), the mode of administration, and the type of formulatioft. In general a 
therapeutically or prophylactically effective dose from about 1 to about I mg, 
preferably, from about 10 jig \o about 800 pg and, more preforabiy, from about 
25 to about 250 pg, can be administered to human adults. The adminisl ration 
5 can be achieved in a single dose, repeated at intervals, or incorporated into prime 
boost protocols (as previously described). 
in. Oral Vaccines 

Non~toxicogenic Vibrio cholerae mutant strains that are useful, as a live 
oral vaccine are described, for example, in US Patent No, 4,882,278 {disclosing a 

10 strain in which a substantial amount of the coding sequence of each of the two 
ctxA alleles has been deleted so that no functional cholerae tc>xin Ls produced); 
WO 92/11354 (strain in \vhich tlie irgA locus is inactivated by mutatioii; this 
mutation can be combined in a single strain wiih ctxA mutations); and WO 
94/1533 (deletion mutant lacking functional ctxA and attRSl DNA sequences). 

15 These strains can be genetically engineered to express heterologous antigens, as 
described m WO 94/19482. (All of the aforementioned issued patent/pateiit 
applications are incorporated herein by reference.) An effective vaccine dose of a 
Vibrio cholerae strain capable of expressing a pol}'peptide or polypeptide 
derivative encoded by a DNA molecule of the invention can contam, tor 

20 example, about 1x10^ to about 1x10'^ preferably about 1x10*' to about 1x10* 
viable bacteria in an appropriate volume for ihe selected route of admliustration. 
Preferred routes of administration include all mucosal routes; most preferably, 
these vectors are administered intranasally or orally. 

Attenuated Salmonella typhimurium strains, genetically engineered for 

25 reconibiriant expression of heterologous antigeiiii or not, and their use as oral 
vaccines are described, for example, in WO 92/11361. Preferred routes of 
administration include all mucosal routes; most preferably, these vectors are 
administered intranasally or orally. 

As will be readily appreciated by those skilled in the art, other bacterial 

30 strains useful as vaccine vectors may also include Siiigella flexneri. Streptococcus 
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gordonil, and Bacille Caimette Giierin (as described m WO 88/6626, WO 90/0594, 
WO 01/13157, WO 92/1796, and WO 92/21376; all of which are mcorporated 
herein by reference). 

In bacterial veckiri, a poiyniicleofide oi the invenhon mav be mseilyd 
5 into the bactenal genome, can remain m a free slate or carried on a pla^mid. An 
adjuvant can also be added to a composition containing a Naccnic bacterial 
\ ector A number of adjuv ants are known to tliose skilled m thy art Suitable 
adjuvant^i can readily bo selected by thot^e skilled in t!ie ar*- 
V. COMP O SITION S 

10 A mC'difted gpiOO protein and gene, including the gplOOM gene 

(gplOOM) and gplOOM protein as well as the substances identified using the 
methods dt;st.ribed heroin, inciuding \acLineb, may be formulated into 
pharmaceutical cn mposi Hons tor adminstration to subjects m a bi<->if>gtcallv 
compatible form suitable iov admmibtration m vivo. By "biologjcally compatible 

15 form i.uitabie lor admmijitration m vwo" w meant a form of the substance to be 
admmiistered in which any toxu" effects are outweighed by the therapetitic 
effects. "Die substances may be admmisteifd to aiiimaljj ui need Iheieof. 
AdmmiPtration of a therapeutically active amount of tht* phirmaceiitscal 
compositions of the present m\'ention, O! an "effective amouiit", arc dcfmed as 

20 an amount effective, at dosages and fur pcrujds of time necessarv to achiexe the 
desired result of "modulating an .-Animai'h immune system'' A therapeulicrflly 
eflech\e amount of a substance may vary according to tactors such as the 
disease state, age, sex. and weight of the ansmal, and the abilit)' of immunogen to 
elicit a desired respcniiie in the animal. Dosage regima may be adjusted to 

25 provide :he optimum therapeutic response For example, beveral divided doses 
may be adnunistered daily or the dose may be proportionally reduced as 
indicated by the exigencies of the therapeutic situahon "Modulatmg an am ma is 
immune system" is defined as the abiHtv'- to produto an immune response in a 
target animak This response encompasoes both cellular and humoral immune 

30 responses. 
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The acti ve substance may be administered in a convenient Eianner such 
as b}-- injection (intraderinal, intramuscular, subcutaneous, intravenous, 
intraiiodal etc.), or by oral administration, iiiliaiation, tr<ii\sdermal application, or 
rectai administration, or any other route of administration that enables ttie 
5 m.odulat5on of an animal's immime system. Depending on the route ot 
administration, the active substance may he coated in a niateriai to protect the 
compound from the action of enzymes, acids and other iialural conditions which 
may inacHvate the compound. 

One route of administration wliich is preferably used \s that of 
10 intranodal injection of a modified gplOO protein /immunogenic fragment, or 
nucleic add encoding said protein/fragment, or any of the compositions of the 
present invention. 

The compositions described herein can be prepared by per se known 
methods for the preparation of pharmaceuticaliy acceptable compositions wfiich 
15 can be administered to subjects, such that an effective quantity of the active 
yubsLmce is combined in a mixture with a pbarmaceuticaUy acceptable vehicle. 
Suitable vehicles are described, for example, in Ren\ingtons Pharmaceutical 
Sciences (Remington's Pharmaceutical Sciences (1985), Publishing 
Company, Easton, Pa., USA) or Handbook of Pharmaceutical Additives 
20 (ojmpiled by Michael and Irene Ash, Gower Publishing Limited, .Mdershot, 
England (1995)). On tliis basis, ihe compositions include, albeit not e.Kciusively, 
solutioiis of the substances in association with one or more pharmaceuticaliy 
acceptable vehicles or diluents, and may be contained m buffered solutions with 
a suitable pH and, ''or be iso-osmotic with physiological fluids. In this regard, 
25 reference can be made to U.S. Patent No. 5,843,456. 

The utility of the substances, antibodies, and compositions of the 
in\'cntion may be confirmed in experimental model systems. 

The folloxving non-limiting examples are illustrative of the present 
invention; 

30 EMMMS 
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ALVAC<2)-gpl00M (vCP1584) i.-^ ^ preparation of recombinant canarypox virus 
expressing a modified version of human melanoma antigen gplOO. 
A. MOLECULAR PROPERTJES (IDENTITIY) 
1. Recipient characterization: 
5 a. Parental organism: 

C<inarypux vnuy. Fainjly-Poxvindao, Subfamiiy -Chordopowindae, 
Genus-Avipowirus Caiiarypu\ vsrub it> an enveloped vims oontainmg ,5 linear 
dsDMA genome of approxiniateiy 325 kbp Thii> virus productively rephcate^ 
exclusively m avian. 5pt;cu'V {{Tripathy D. Avian pox. in Diseases of Poultry (9''' 

10 edition- B W. Calnek et al. Eds.) pp. ?83-5' '^). 
b. Descnptlon o f vecto i 

ALVACi^2) a modihed, attenuated canarypox virus (U.S. 5,990,0^1). 
The original .strain of canarypox virus (RenNrhler t»{rain) was. attenuated by 200 
serial passages on prima rv-- chick embryo fibroblasts iCkVh) The attenuated vn-us 

15 was plaque isolated and designated ALVAC. To generate ALVAC(2), the 
ALVAC vector was modified by tl^e insertion of two vaccinia virus codmg 
sequences (E3L and K3I) to eiiliance tiie overall effn.iency of viral mRKA 
translation. The E3L-specined gene pn^duct is a dsRNA binding protein and the 
K3L open reading frame (ORF) shares significant sequence similarity to the 

20 amino terminal portion of eIF~2( (; Beattie et ai. Virology i<S3;4i9 (1991); Beattie 
et al Virology 210 254 (I'^'^S). Both K3L and F3T. are capable of inhibiting the 
activity of a cellulai protein kmase (PKR) wlech, \vhen activated by dsRNA, 
phosphoryiate.s the transiationa! initiation tactor elF-2a leading to an inhibition ol 
initiation of mRKA translation Results from several studies have substantiated 

25 this proposed mechanism by which the \'^accinia K3L and E3L gene products toad 
to down regulatif>n of PKR activity and enlianced \'ixus-specific gene expression, 
(lartagha, j. et al. IT*' Colloquo dc', C :ent Ciardes, Hlsevier Pi ess (19^7)) 
c DerivdtiorLof vector frgmj^arental organism- 

The parental strain of canarypoxvirus {Rentschler stram] was isolated in 

30 Germany in 1970, and obtained by Instittit Merieux in 1973. The virus was 
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attenuated by 200 serial passages on primary dikk embryo fibroblasts {CEFs). 
The attenuated virus wat registered as a vaccine in France in 1975 under the 
name KANAPOX (ND). The virus was subjected to four succKS.sive plaque 
purifications under agarose and a single plaque isolate was selected and 
5 designated ALVAC. 

Tlie K3L coding sequence was synthesized by FCR amplification using a 
plasmJd containing Copenhagen vaccinia Hindlll K fragment as template and 
was placed under the control of the vaccinia H6 promoter. The E3L coding 
sequence and up&tream regulatory element were obtained from a plasmid 

10 containing a clone of the Hindlll E fragment from Copeniiagen vaccinia. The H6 
promoted K3I.. and the F3L sequences were ixiBerted iiito a donor plasmid 
capable of directixig their insertion into the C6 site of the parent vector according 
to the details set out in Example 1. Recombination was performed between the 
donor plasmid and ALVAC rescuing virus by in vitro recombination as 

15 previously described (Picciiii et al„ Methods of EnzymoL 153:545 (19S7)). 
Expression of E3h and K3L in the resultant recombinant virus, vCFi468, was 
confirmed and vCF14t>y was designated ALVAC(2). 
d. Cloni ng site: 

The locus desigiiated C5 %vas used for the insertion of the modified 
20 gplOd codixig sequences into the ALVAC(2) vector. By \'irtue of the C5 locus 

existing within the extensive inverted terniinal repetitions (ITRs) of the virus 

genome, insertion into this locus results in the occurrence of tv^'o copies of the 

inserted sequence, A schematic of the insertion site is shown m E-igure 4. 

Presently, no function has been ascribed to the C5 encoded polypeptide nor does 
25 the dediiced amino acid open reading frame encoded in tliis region share 

significant homology to any entr)- in the existing protein databases. 

2. DoBor characterization 

a. Dono r organism: 

Plasmids pCDNA3-gpl00 md FCRII-gplOO each containing the gene 
30 encoding human gplOO (melanoma rejection antigen) were used. 
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Oonor genes: 

(j) Hx pi ebs eci do aoi genes, human gplOO nielanonw antigen, 
(n) P.rt>moter' Vacania vims early/kitc >I6 promoter (PerktsHM H rt ul ]. Virol 
63:3829 (1989)1. 
5 Donor genes m the recombmant organism: 

'Hie aiding b.equenct'i> for a riKjdified human gplOO h.a\e been inserted 
into tho A1.VAC'{2) gonomo oxpr^s:? the modified gplOO antigen u^ii^anced for 
the interaction of two C I'L epitope^ with HLA cla^s L 
EXAMPLE 1 

^0 Injiurtion of thu vaccinia E3L/K3L codtng sequencer into the C b sue of.ALVAC 

The K3I coding sequences were syntheijized by PCR ampbfication usmg 
pSD407 (containing Copenhagen vacrmta H:«d!n K fragment) ?s tempbre. Tiae 
oligonucleotides KfTSYN 763 (5'"CCCTCT AGAICG CC^AIAT CC'GJTA 
AGTTTG TATCGT AATGCT TGCATI TIGITA TTCGT-3') (SEQ.ID NO.W9) and 

15 MPSW 764 {^'-CCCGAA TTCATA AAAAn' ATOAT GTCTAC:A-3') 
(SHQ ID.NO 110) were used jj-^ primi>rs for tho PGR reaction Hie approximately 
325bp PCR fragment was digested with XM and EcoKl yieidmg a 315bp 
fragment. Thi^ 315bp fragment was purified by isolation from an agarose £?ci 
and ligated with XbaJ and EcoRi digested pBSSK-r vector from Stratagene (T.a 

20 Joila. CA ) T!ie imcleii. acid sequence was confirmed. Thib piasmid was 
designated pBS 763\764. Digesting pBS 763/7i>i with Sui\ and Xhol a 340bp 
fragment was isolated for cloning mto the plosmid vector pMMi54, PMM154 
contams a cassette with the \'accinia H6 promoter coxitrolling an irrelevant gene 
in the NYVAC tk insertion vector background. rMM154 was prepared by 

25 dige.stion with NruJ (partially) and XhoJ such tha{ the 340bp fragnient from pBS 
763 7ft4 containing the K3L gene could be directionaiiy oriented next to the ilt> 
pr(>m.oter generating pN'irTKtl6K3L The piasmid pMP42<:jPT containing the 
dominant selectable maiker Eco gpt gene under the control of the Fntomopox 
42k promoter was digO'sted with Snial and BauiHJ to j ield a 0 7 Kbp 42k- EcOgpt 

30 expression cassette. This 0.7 Kbp fragment was purified and ligated into Snml and 
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Bmnm cut pKffTKHbK3L generating the plastnid pMPTKH6K3Lgpf. Ihis 
plair-mid wa^ digested with Xhol generating a 1.2 Kbp fragment containing the 
H6/K3L and ihe 42k/'Bu»gpt e\presiton cassette which was then ge! purified. 
Tiie L.1 Kbp Xh,A tragmeni was inserted into the Xhol >ite ut the ALV\C C<^ 
5 insertion plasmid pC6L generating pMi'C'6HhK'^l gpt 

The entire E3L gene is contained -VMthm a 2.3 Kbp EcoBJ fragment 
ibolated from pSD401VC which contamud a clone oi the HtndUi E fragment from 
Copenhagen vaccinia The 2 3 Kbp LVoRi tragr^ent was then inserted into 
pK'trC6H6k3Lgpl that had been partially digest(;d with EcoRl generating the 

10 pia^mid pMPCfiHDK3F,3gpt. The piasmid pMPC6H6K3E3gpt was digested tVith 
Xhol The re!>ultnig 6.y Kbp vector fragment was purified and self-ligated, 
resuUitig m the plasmid pMPCoE3. The pla6mid pMPTKHfiK3L was digested 
with P,<;>7 AI and the resulting 560bp fragment Lontaming the H6 / K3L pxprpbsiun 
cast-ettc wa^ Ugatcd into PspAl d^giii^ted pMPCf^Eo re&uitmg in the plasmid 

15 construct pMir6H6K3H3. The plasm.d pMFC6H6K3F3 contains the vaccmia H6/ 
K3L expre'-hion ca'^sette and the vaccinia E3T gene xvjth the endogenous 
promoter flanked by the ALVAC Cfe iiibeilion vile t^equente^ 
EXAMPLE 2 

Genetic modifications of the donor Kenc?: 

20 Plasmid pCDNA3-gp100 was transformed into MK522 yieidmg plasnnd 

pN-fHL gplOO #1 \ Kenenc C5 donor pia^^mid NYQHt^CSLSP 18 wa.^ digested 
withm the polyhnker legirm with Bamlll, treated ^vith alkaliiie phosphatase and 
hgated to kinascd and armcaled ohgonuclcotidcb SFC5PLI (5'-CAT-CGT-CCtA- 
CC;A-GCT-CGA-ATT-CG-3') (SEQ.rD.NO 111) and SPC5PL2 (5'-C AKCG-AAT- 

25 TCG-AGG-TCG-TCG-AC-3') (SEQ.IDN0112} geneiating plasmid NVQH6MC5 
nlO. OUgonuclftihdes MELgpOl (S'-CCC-TCG-rGA-TAT-CCG-TTA-AGT-TTG- 
T AT-CGT- AA'I-GGA~IC r-GGI-GGI-AAA-AACr- 3') (ShQ.IJ ).\( ).1 13) and 
M ELgp02 {5' GCC-CTC-C; AG- ATA- A AA-ATC-AG A-CCT-GCT-CCC-CAC-TGA- 
3') (SEQ.rD.M0.114) weie used m FCR with plasmid pMEL gplOO #1 to generate 

30 a 2kb fragment containing part of the H6 promoter linked to the 5' end of the 



